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HYDROXY-SUBSTITUTED AZETIDINONE 
COMPOUNDS USEFDL AS 
HYPOCHOLESTEROLEMIC AGE^^^S 

The present ^Ucation is the United States national 
application corresponding to International i^Ucation No. 
PCTAJS94/10099, filed Sep. 14, 1994 and designating the 
United States, which PCT application is i^^n « 
continuation-in-part of U.S. application Ser. No. 08/257593, 
filed Jun. 9, 1994, U.S. Pat. Na 5.631365. wW^ is a 
continuation-in-part of U^. aKdication Sa. No. 08/102, 
440, filed Sep. 21. 1993, abandoned. 

BACKGROUND OF THE INVENTION 

The present invention relates to hydroxy-substitorted aze- 
tidinones uscfiil as hypodidcsterolcmic agents in the treat- 
mcnt prevention <rf atherosclerosis, and to the combination 
of a hydroxy-substUuted azeddinone of this invention and a 
cholestaol biosynthesis inhibitor for the ttcatmcnt and 
prevenUon <rf atherosclerosis. The invention also relates to a 
process fcr preparing hydrcKy-substituteid azetidinones. 

Atherosclerotic coronary heart disease (CHD) rqircscnts 
the major cause for death and cardiovascular morbidity in 
die western world. Risk factors for atherosclerotic coronuy 
heart disease include hypertension, diabetes mcllims, family 
history, male genda. cigar smoke and senim dwlestcrol. A 
total cholesterol level in excess of 225-250 mg/dl is asso- 
dated witfi significant elevation of risk of CHD. 

Cholcstcryl esters are a major component of athcrosde- 
rotic lesions and the naajor storage form of cholesterol in 
arterial wall cells. Formation of cbolestcryl esters is also a 
key step in the intestinal absorption of dietary cholcstcroL 
Thus, inhibition of cholcstciyl ester fonnation and reduction 
of scrum diolestexd is Iflocly to toWblt the pn^resawi off 
atherosdcrotic lesion formation, decrease die accumulation 
of cholesteiyl esters in the arterial walL and blodt the 
intestinal absorption ci dietary cholesterol. 

A few azetidinones have been reported as being usrf^ 
lowering cholesterol and/or in iiihlhlting tiie formation of 
diolestcxd-containing lesions in mammalian arterial waUs. 
U.S. Pat No. 4.983i97 disdoses N-sulfonyl-2-azetidinones 
as antidwlcsterolemic agents and RanL ct al., in Indian J. 
Chem^ Sect B. 29B, 12 (1990). p. 1134-7. disclose c*hyl 
4<2^oazetidina.yl)phcnaxy.alkanoates as l^^pol^idcnuc 

awnts. European Patent PuWicaticm 264031 discloses 
i:substitoted^phenyl-3-(2-<ixo-alkyUdcne)-2-azctidinoncs 

as blood platelet aggregation inhibitors. European Patent 
199.630 and European Patent j^jptication 337.549 disdosc 
dastasc inhibitory substituted azetidinones said to be useful 
treating inflammatory conditions resulting in tissue destruc- 
tion which arc associated with various disease states, eg. 
atboosderosis. 

WO93/102048. published Fd). 4, 1993. disdoses subsU- 
tutcd ^lactams useful as hypodwlestcrolcmic agents. 

The regulation of whole-body diolesterol homeostasis in 
humans and animals involves die regulation of dietay 
cholesterol and modulation of diolesterol biosymhesis, bile 
add biosynthesis and the catabolism of tijc diolesterol- 
containing plasma li^)oproteinis. The Uver is tiie major organ 
responsible for diolesterol biosynAesis and catabolism and 
for tiiis reason, it is a prime dderminant of piasma di<de«- 
tcrcl levds. The Uver is the site of synthesis and secretion of 
very low density Upoprotcins (VLDL) which s«^sf- 
quentiy metabolized to low density lipoproteins (LDL) m 
die circulation. LDL are Oic predominant cholesterol- 
carrying Upomoteins in die plasma and an increase in their 
concentration is correlated with increased athcrosdcrosis. 
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When iotcsUnal cbolcstcrol absofptioo is reduced, by 
wbateva means, less cholesterol is delivoed to the livex: 
The consequence of this action is dco'eased hq>atic lipo* 
protein (VLDL). production and an increase in the hepatic 
clearance of plasma cholesterol, mostly as LDL. Thus, the 
net effect of inhibiting intestinal diolesterol absorption is a 
deaease in plasma cholesterol levels. 

The inhibition of cholesterol biosynthesis by 3-hydroxy- 
3-methylglutaiyl coenzyme A (HMG CoA) reductase 
(ECl.l.l J4) inhibitors has been shown to be an effective 
way to reduce plasma cholesterol (Witzunt Grculation, 80, 
5 (1989). p. 1101-1114) and reduce athaosclerosis. Com- 
bination therapy an HMG CoA reductase inhibitor and a 
bile add sequestrant has been demonstrated to be more 
effective in human hypedipidemic patients tlmn eilher agent 
in monotherapy (Hlingwoxth. Drugs, 36 (SupfL 3) ( 1988). p. 
63-71). 

SUMMARY OF THE INVENTION 
Novel hypodiolesterolemic compounds of the present 
invention are represented by the formula I 

R R» 1 

I I 

Ar»-X.-(C)g-Y«-(CV- 
R» R* 

or a pbarroaceutically acceptable salt thereof, wherein: 

Ar^ and Ar^ are indq)eDdentty selected from the group 
consisting ctf aryl and R*-substituted aiyl; 

Ar^ is aryl or R'-substituted aryl; 

X. Y and Z are indq>endently selected from the group 
consisting of — CHj— . — CH(lowcr alky!)— and 
— C(dilower alkyl>— ; 

R and R^ are independently selected from the group 
consisting of —OR*. — 0(CO)R*, — O(C0)OR'^ and 
— 0(C0)NRV; 

R^ and R' are independently selected from the group 
consisting ci hydrogen, lower alk)i and aryl; 

q is 0 cr l;r is 0 or 1; m. n andp are independently 0. 1, 
2. 3 4; (Hovlded that at least one of q and r is 1. and the 
sumofm,n.p,qandris 1, 2. 3, 4. 5 6; and provided that 
when p is 0 and r is 1. the simi of m. q and n isl. 2. 3, 4 0(r5; 

R^ is 1-5 substituents indepeodently selected from the ^ 
group consisting of lower alkyl. —-OR*. — 0(CO)irR6,] K-» 
— 0(CO)OR^ — 0(CH3)|.30R*. — 0(CO)NR*R\ 
— NRV, -OT<*(CO)R\ — NR*(CO)OR* — NR*(CO) 

mCR\ — nr^so^r* — coor*. — conr*r\ — cor*, 

-SOjNR^R', S(0)...R^ — 0(CHJ),.io-COOR^ 
— 0(CHa)i.ioCONR'%', —(lower alkylene)COOR*. 
— CH=CH— COOR*. — CFj. — CN. — *402 and halogen; 

R^ is 1-5 substituents independently selected from the 
group consisting of -OR*. — 0(CO)R*. — 0(CO)OR^ 
-O(CHA.50R*. — 0(CO)NR V, — NRV. -Mi*(CO) 
R^, — NR*(CO)OR'. — NR*(C0)NRV. -WR*SOjR*. 
— COOR*. — CONRV. --COR*, -^OjNRV. S(Ok 
A\ -0(CHj),.|o-COOR*. -0(CHj)i,joCONR*R\ 
—(lower alkylene)CCX)R* and — CH=CH— COOR*; 

R^.R'' and R" are independently selected from the group 
consisting of hydrogen, lower allcyl. aryl and aryl- 
substituted lower alkyl; and 

R^ is lower alkyl. aryl or aryl*substituted lower alkyl. 

R^ is preferably 1-3 indq>endendy selected substituents, 
and R^ is j^crably 1-3 independently selected sut>stitu- 
ents. Prefened are omqxMiiKis of formub I wherein Ar^ is 
phenyl or R*- substituted phenyl. espcciaUy (4-R'*)- 
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substituted phenyl. Ar^ is preferably phenyl or 
R^-substitutcd phenyl especially (4-R^)-substitutcd phenyl 
At* is preferably R'-substitutcd phenyl especially (4-R >- 
substituted phenyl When Ar* is (4-R^>-substitutcd phenyl 
R'* is preferably a halogen. When At* and arc R'*- and 
R'-substitutcd phenyl, rcspcctivdy. R* is preferably halogen 
or —OR* and R* is pief crabiy —OR*, wherein is lower 
alkyl or hydrogen. Especially jHefcircd are conqxwnds 
wherein each of Ar^ and Ar^ is 4-fluorGpheDyl and AP is 
4-hydroxy|Aenyl or 4-methoxyphenyl. 

X. Y and Z are each inferably — CH^— Jl* and R' are 
eadi preferably hydrogen. R and R* are preferably —OR* , i # 

wherein R* is hydrogen, or a group readily mclabcdizable to mO^^[PfsJbSS /P ^Ci^' ) j 
a hydroxyl (such as nfmiF* llfT'TjfTirriL iMi'li>'''''^^^ i lI 

-0(CO)NRV, defined above). ^ 'A EC(iCo)OK Ov/l ^ 

The sum of m. n. p. q and r is preferably 2. 3 or 4. inore pi 
preferably 3. Prefared are compounds wherein m. n and r ' ^' fl^ 

are each zero, q is 1 and p is 2. Also preferred are coiqxMinds 
wherein p. q and n are each zero, r is 1 and m is 2 or 3. More 
preferred are conqxMinds herein m. n and r are each zero, 
q is 1. p is 2. Z is — CH, and R is — OR*0R«. cq)ecially 
when R* is hydrogen. Also more prefenred are compounds 
wherein p.q and n are eachzero.r is Lmis2,Xis — CHj — 
and R^ is —OR* especially when R* is hydrogen. 

Another group of preferred cooipounds is that wherein 
Ar* is phenyl or R^-substituted ^eoyl Ar^ is phenyl or 
R^substituted phenyl and Ar^ is R'-substitutcd phenyl Also 
preferred are coIX^)ound5 wherein Ar^ is phenyl or 
R^substituted pbcoyl Ar^ is phenyl or R^-substitutcd 
phenyl Ar* is R -substituted phenyl and the sum of m. n, p, 
q and r is 2. 3 or 4. more especially 3. More preferred are 
compounds wherein Ar^ is phenyl <M'R*-subrtitutcd ohcnyl 
Ar* is phenyl or R'^-substitutcd phenyl* At is R -substituted 
phenyl and wherein m. n and r are each zero, q is 1 and p 
is 2. or wherein p. q and n are each zero, r is 1 and m is 2 
or 3. 

This invention also relates to a method of lowering the 
serum cholesterol level in a mammal in need such 

treatnoent comprising administering an e£Fecttve amount of a ^ 
con4)ound <rf fcnnula L That is. the use of a compound of 
the present invention as an hypocholestcrolemic agent is 
also claimed. 

In still another aspect the present invention relates to a 
pharmaceutical composition comprising a serum 
cbotesterel-lowering effective amount of a compound of 
formula I in a (diarmaceuticaUy acceptable carrier. 

The present invention also relates to a method of reducing 
plasma chcdesterol levels, and to a m^hod of treating or 
preventing adierosclcrosis. comprising administering to a 
mammal in need of such treatment an effective anuMUt ctf a 
combination of a faydroxy-substituted azcddinone choles- 
terol absoipticKi inhibitor of formula I and a cholesterol 
biosynthesis inhibitot That is. die present invention relates 
to the use of a hydroxy-substituted azetidinone cholesterol 
absorption inhibitor of formula I for comfouied use with a 
diolestcrol biosynthesis inhibitar (and« similaiiy, use of a 
cholesterol biosynthesis inhibitor for combined use with a 
hydroxy-substituted azetidinonc cholesterol absorption 
inhibitor of formula I) to treat or prevent atherosclerosis or 
to reduce plasma cholesterol levels. 

In y^ another asgcCU tiie invention relates to a f^anna- 
ceutical cQnq>osition conqnising an effective amount of a 
hydroxy-substituted azetidinone cholesterol absorption 
inhibitor of fcfmula L a cholesterol biosynthesis inhibitor, 
and a phaimaceutically accqitable carrier. In a final aspect, 
the invention relates to a kit comprising in one container an 
effective amount of a hydroxy-substituted azetidinone cho- 



4 

lestciol absorption inhibitor of fonnula I in a phannaccuti- 
cally acceptable caiiier, and in a scpmVt container, an 
effective amount of a cholesterol biosynthesis inhibits in a 
pharmaoeuticaUy acceptable carrier. 

In yet another aspect the invention relates to a process for 
preparing certain compounds of fcvmula I coursing the 
steps: 

(a) treating with a strong base a lactrae of the fonnula 
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wherein R' and are R and R^. respectively, or are suitably 
protected hydroxy groups; Ar^° is Ar\ a suitably protected 
hydroxy substituted aryl or a suitably protected amino- 
substituted aryl; and the remaining variables are as defined 
above* provided that in lactone c£ facmula B when n and r 
are each zero* p is 1-4; 

(b) reacting the product of step (a) with an imine of Ae 
fonnula 



r 



Ai» 



wherein Ar^ is Ar^, a suitably protected hydroxy- 
substitutcd aiyl or a suitably protected amino-substituted 
aryl; and Ar^ is Ar*, a suitably protected hydroxy- 
substituted aiyl or a suitably protected amino-substituted 
aryl; 

c) quendiing the reaction with an add; 

d) optionally removing the protecting groups from R*. 
Ar*^ Ar^ and Ar^. v^icn present; and 

e) optionally fimctionalizing hydroxy or amino substitu- 
ents at R. R*. Ar*, Ar^ and Ar*. 

Using the lactones shown above, conqxjunds of formula 
lA and IB are obtained as follows: 



I 

A 



mm 



mm 



•contifiued 

R 

I 



OH 
I 



Ar'-X.-(C),-Y.-C-2 ^ ^ At" 
Ri R' I ' 

6*^ "^itf 



wherein the variables are as defined above; and 




R» R» 



OH R» 
I I 

IB 




wherein die variables are as defined above 
DETAILED DESCRIPTION 

As used herein, the term 'lower alkyl" means straight or 
branched alkyi chains of 1 to 6 carbon atoms. 

*'Aryi** means phenyl. naphtbyL IndenyL tetrahydronapb- 
thyl <H^ indanyL 

""Halogeno** refers to fluorine* chlorine, bnxmine or iodine 
atoms. 

The above statement, wherein R^, and R^ are said to 
be independently selected from a group of substituents, 
means tiiat R^, R^ and R^ are independently selected, but 
also that where an [R«], or R^ variable occurs more than 
once in a molecule, those occurrences are independently 
selected (e.g., if R is -OR* wherein R* is hydrogen, R^ can 
be-OR* wherein R^ is lower alkyl). 

Compounds of the invention have at least one asymmetric 
carbon atom and therefore all isomers, including enanti- 
omers and diastereomers are contemplated as being part of 
this invention. The invention includes d and [I] i isomers in 
both pure form and in admixture including racemic mix- 
tures. Isomers can be prepared using conventional 
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techniques, either by reacting chiral starting materials or by 
separating isomers of a compound of fonnuU L Isomers may 
also include geometric isomers. e.g. when a double bond is 
present All such geometric isomers are conteixq}lated for 
this invention. 

Those skilled in the ait will appreciate that for some 
con^xxmds <^ formula L one isomer will show greater 
pharmacological activity than another isomer. 

Compounds of the invention with an amino group can 
form i^aimac^tically accq)tabie salts with organic and 
inorganic acids. Exan^>les of suitable adds for salt forma- 
tion are hydrochloric, sulfuric, phosphoric acetic, citric, 
oxalic, malonic. salicylic, malic, fumaric. sucdnic, ascorbic, 
maldc. methanesulfonic and other mineral and caiboxylic 
adds wdl known to those in the art The salt is pfcpared fay 
contacting the free base form with a suffident amount of the 
desired add to produce a salt The free base form may be 
regenerated by treating the salt widi a suitable dilute aque- 
ous base soluticm such as dilute aqueous sodium bicarbon- 
ate. The free base form differs from its respective salt form 
somewhat in certain physical properties, such as solubility in 
polar solvents, but the salt is otherwise equivalent to its 
respective free base form for pmposes of the invention. 

Certain compounds of the invention are addic (e.g.. those 
conqxxmds which possess a carboxyl group). These com- 
pounds form phaimaceutically accq>table salts with inor- 
ganic and organic bases. Examples of such salts are the 
sodium, potassiunu caldum, aluminum, gold and silver 
salts. Also induded are salts formed with phatmaceutically 
acceptable amines such as ammonia, alkyl amines, 
hydroxyalkylamines. N-methylglucamine and the like. 

Cholesterol biosynthesis inhibitors for use in the combi- 
nattco of the present invention Indiule HMO CoA reductase 
inhibitors such as lovastatin. pravastatin, fluvastatin. 
simvastatin, and Q-981; HMG CoA synthetase inhibitors, 
for exanqjle L-659.699 ((EJB>ll-|3'R-{hydroxy-mctfiylH - 
oxo-2*-R-oxctanyl]-3,5JR-trimethyl-2,4-undecadicnoic 
add); squalene synthesis inhibitors* for cxainpic squalestatin 
1; and squalene epoxidase inhibitors, for exan9>le, NB-598 
((E)-N-ethyl-N-(6.6-dimethyl-2.hepten-4-ynyl)-3-[(33'- 
bithiophen-5-yl)methoxy]benzene-methanamine 
hydrochloride) and other cholesterol biosynthesis inhibitors 
such as DMP-565. Preferred HMG CoAreductase inhibitors 
are lovastatin. pravastatin and simvastatin. 

Con^wunds cf fomuila I can be prepared by known 
m^hods. f cr exanq>le diose described bdow and in W093/ 
02048. 
Method A: 
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Con^nds of fOTinuU la and lb. whodo Ai\ Ar^, J 
Y. Z, R\ R^, nt n, p, q and r arc as defined above, can 
be prepared by treatment of an ester of fcnnula IIL wherein 
R^'^is lower alkyl such as ethyl or a cfairal moiety such as 
znenthyl or 10-(dii50propylsulfonanudo)isobQmyi. and the 
remaining variables are as defined above, with a strong base 
sudi as lithium diisopfopylamide (LDA) in a suitable sol* 
veot such as tetnahydrdithium (THF) at -78*' C A solubi- 
lizing agent such as hexametbyiphosphoric triamide 
(HMPA) may optionally be added as a cosolvcnt An imine 
of formula 11, wherein Ai^^ and Ar^ are as defined above, 
is added, the reaction mixture is either wanned to room 
temperature or maintained at a suitable low tenq)erature 
such as -78** C. for the appropriate time, followed by 
quenching with a suitable acid such as IN HQ. The product 
is isolated using conventioDal purification techniques. When 
a protecting group as defined in Table 1 (below) is present 
on one or more of die optionally protected groiq>$, an 
additional step comprising removal of the protecting group 
by conventional techniques is needed. However, for com- 
pounds of fcnnula la. lb. or any connx>und of formula I 
wherein a fmtected hydroxy group Ar"*, Ar^. Ar^, R' or 
R* is an alkoxy or bcnzyloxy group, such a protecting group 
need not be removed to obtain a corqxwnd of formula L 
When a chiral ester of formula III is used, the resulting 
compound of formula la or lb is not racenuc. 

Imines of formula II (Ar^°--CH=N--Ar^**) can be pre- 
pared fi:om aldehydes of the formula Ar^^~CHO and 
amines of the formula [Ar'"-CHO] Ar^°-NH2 [and] by procedures 
well known in the art. Aldehydes of formula [Ar^ AlZ-CHO and 
amines of formula Ar^°-NH2 are commercially available or can be 
prepared via known procedures. 



Method A': Zr 

C - 



|. • 0 



ROT R OH 

Ri R' 'I ' + R' R» I ' 



ConqxNinds of formala Ic and Id. wherein the variables are 
as defined above, can be prepared by a fvocess conqvising 
the following steps: 

(a) Treat a lactone of fonnula IV. wherein the variables are 
as defined above, with a strong base such as an alkyUithium 
(e.g,. n-butyl-lithium). a metal hydride (e.g.. sodium 
hydride), a metal alkoxidc (e.g.. sodium roethoxide). a metal 
halide (e.g., TICU). metal exchange of the lithium enolate 
with a metal halide (eg., zinc chloride), metal exchange of 
the lithium enolate with a metal alkyl (e,g.. 
9-b(H'abicydononyl triflate), ox, preferably, a metalamide 
(e.g.. IDA), in a suitable anhydrous organic solvent such as 
dry THF. ether or benzene, in a dry. inert atmo^>here. e.g^ 
under nitrogen. The reaction is carried out at about 0^ C to 
about -85* C. preferably about -78* C. over a period of 
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about 5 to about 60 mmutes. preferably about 30 minutes. 
1-50% of solubllizing cosdvents may (penally be added, 
preferably about 10% HMPA. 

(b) AddaDlmioeof fonmila ll.whercinAr^andAi^are 
as defined above, to the product <tf step (a) over a period of 
S to 60 minutes, preferably 30 minutes, maintaining the 
reaction mixture at about 0** C. to about -85° C preferably 
about -78° C. for 1 to 12 hours, preferably about 3 hours, 
or warming the reaction mixture over that time period at a 
rate of about 10° C per hour to about 70° C. per hour, 
preferably about 30° C per hour, to a tempcFature of about 
20° C 

(c) Quench the reaction with a suitable add such as HQ 
(IN). 

(d) The i^otecting groups on R\ R^, Ar Ar^ and Ar^, 
when present, are removed, if desired, fay mediods well 
known in the art. for example sUyl protecting groups are 
removed by treatment with fluoride. 

e) Compounds of fcrauila 1 whereb any of R and R^, 
when present, are OR^ wherein R^ is hydrogen, can be 
converted by well known methods to other ccmipounds of 
formula I wherein R and R^ are functionalized. Lc are 
independently selected from the groiq> consisting of OR^. 
— O(C0)R^ — 0(CO)OR* and — 0(CO)NR*R\ wherein 
R^. R'' and R' arc as defined above and R^ is lower alkyl. 
aryL or aryl-lower alkyL For exanq>le. treatment d ^e 
alcohol with an alkyl halide in the presence of a suitable base 
such as NaH will j^ord alkaxy-substituted con^KNinds (Lc., 
R or R^ is 0R^ wherein R^ is lower alkyl); treatment of the 
alcohol with an acylating agent such as acetylchioride will 
result in compounds wherein R or R^ is — O0(O)R^; treat- 
ment of the alcohol with phosgene followed by an alcohol of the 
formula HOR^ affords compounds substituted wjiD a — OC 



(0)OR' group; and treatment of the alcohol with phosgene 
followed by an amine of the formula HNR^^ affords 
compounds wherein R or R^ is — OQOiNRV, Com- 
pounds of fonmila I wherein any Ar^. Ar^ or Ar^ has a 
hydroxy or amino group can be similarly functionalized to 
obtain other compounds of fcnnula 1, Lt^ wherein R^ and 
R' are indq)endently —OR*". — O(C0)R*. — O(C0)C»^ 
— 0(CH2)..50R®. — 0(C0)NRV. — NRV. — NR*(CO) 
R^ — NR*(C0)0R^ — NR*(C0)NR V or -M^^SOjR^ 

The (soduct of 8tq> c d or e is isolated using conventional 
purification techniques such as extraction* crystallization or. 
preferably, silica gd 60 cfaromatogrq)hy. When a cbiral 
lactone is used, &e resulting oonqxMind of formula Ic or Id 
is not raccmic. 

Using the procedure described in stq>s (a>-<0< lactones of 
formula IVa can be used to prepare compounds of formula 
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Ig and Ih» provided that when d and r arc each zero, p is 1-4: 




IVa 



i 



OH R» OH R> 

II ,11 

Ri R» I ' + R' R' I ' 



Lactones of formulae IV and IVa are known in the ait or 
can be prq)ared by methods well known in die ait See, for 
cxanaple. U.S. Pat No. 4375,475 and J. Agric Food Chenu, 
30 (5) (1982) p. 92(M. 
Method B: 



base 



V I 



VI 

R OH 

1 I 

R» R'l ' 



R OH 
I t 
Ar'-X,-(C>,-Y,-C ^ Ai> 



Ri R» I ' 

If cr" 



Azetidinones of formula V, wherein Ar^** and Ar^° are as defined 
above, can be reacted to form compoimds of formula le and If i.e., 
compounds of formula I wherein r is 1, is hydroxy, and p is zero) 
by treatment of azetidinone V with a strong base such as lithium 
[iosoproptylcyclohexylamide] igoprppylcyc lohexvlamide in a 
suitable solvent such as THF in the presence or [absent] absence of 
HMPA at -78** C, followed by the addition of an^'aldehyde 
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or ketone of VI, wherein Ar^^ X, Y. R'. R*. R^, m. n and q 



are as defined above. As in the case of Method A. protecting 
groups at aH^, At^. At^. R' and R^' arc removed as 
necessary. 

This process provides several of the possible diastere- 
omcrs which can be separated by a combination of 
crystallization, silica gel chromatography and HFLC. using 
techniques well known in the art The remaining diastere- 
omefs can be obtained by inversion reactions such as the 
Mitsunobu reaction sequence outlined below, wherein par- 
tial stmcdues cf fonnula If are shown: 



OH 




In the above known process, DEAD is diethylazodicarboxy- 
iate and FFh, is triphenylphosphine. Ibe reactants are stirred 
at room temperature oveniight and the resultant formate 
ester is converted to the cone^nding hydrcocy compound 
with the desired stereochemistry. 
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Method C: 



R' R' 
I I 



AH«-X.-(Q,-y.-(C)r-2^ ^jj^ 




r 




Compounds of fomuila la as defined above can be prquued 
by reacting a cfaiial aisuUaiy such as the compound of 
f oxmula VEI with an activated caiboxylic add deiivative of 
fonnula ML for example an add chloride (L=^). a mixed 
anhydride fonned with phenyl phosphorodichloridate 
(Lp=0P(0XCi)0I1i). an N-meth^-pyridimum ester fonned 
from the reaction of an acid with N-methyl-2- 
diloropyridinium iodide (L=2-oxy-N-methylpyiidittium 
iodide), and a 2-thiGpyridyl ester fanned from the reaction 
(tf an add diloride and 2-thiopyxidine. wherein the remain- 
ing variables are as defined above; enolizing the resultant 
product, for example with 1104 and tetrametfayletfaylcnedi- 
amine CTMEDA); condensing wilh ao aldehyde, Ar^^^O; 
hydrolyzing to the conesponding add. then reacting Ae 
conq>ound of formula K with an amine. Ar^^^W2* 
cyclizing the resultant conqxNmd cf formula X. with, for 
cxan^de a trialkylphosphine and a dialkylazodicarbo)ylate. 
As in die case of Method A. protecting groups at Ar*°.Ai^, 
Ar^. R* and are removed as necessary. This procedure is 
described in detaU in [W093/1 02048] WO93/02Q4S 
Method D: 



r 



(7^ 



Compounds of formula la as defined above can also be 
prcpaiedtreatmcntof an imine of formula [11,]^ wherein AR' 
and Ar^ are as defined above, witfi an activated carboxylic 
add derivative of formula VH as defined above in the 
presence of a tertiary amine base such as triethylamine. 
tributylamine <^ diethylisopfop^amine in an inert solvent 
such as CH3Q3. Again, as in the case cf Method A. 
protecting groups at At***, At^. Ar^, R' and R*" arc removed 
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as necessaiy. Use of other bases, e.g.. pyxidine. favors 

fonnatiott of compouiids of focimila lb. 

MeOiodE: 



Oi-' 



xn 



^ R3 Ri 



TCUtTMEDA 




R7 R* xm 

I I 
2,-(CV-Y.-(C>,-X.-AH» 

R' RA 



NaN(Si(CH3)3)2 
xm ► la 

In the first step^ oonqraund Xn is dissolved in a suitable 
solvent e.g.. anhydrous CHJ^2- treated with a Lewis 
add* e.g.. TICU at about -60^C. to 0" C. preferably at about 
-25" C, under a dry. inert atmosphere. e.g.. aigon. Ateitiary 
amine base such as TMEDA is added and the mixture stintd 
at about -60** C to 0* C. preferably at about -25' C to -15** 
C. for a period of about 1 h. An imine of formula 
Ar^CH=NAr^ is added neat or optionally as a solution in 
a suitable solvent e.g. anhydrous CH3CI2. over a period of 
about S min. and the reacti<m is stincd vigorously at about 
C. to 0* C preferably at about -25" C to -15** for 
about 3 to 6 h. preferably at>out 4 h or until the reaction is 
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con^jlctc by TLC. An add, e.g. acrtic add is added to 
reactioD at the reaction tcnqwature and the mixtire is 
allowed to wann to room temperatiue slowly with stirring 
for about 1-3 hours, preferably about 2 hours. The coin- 
pound erf f onmila xn is isolated by extraction with a suitable 
solvent, eg. CHaOa^ *cn puiiftcd by crystallization or silica 
gel chromatography. 

In die second step, the product is treated witti a strong 
non-nudeophilic base, such as sodium ot lithium bistrim- , 
cthylsilylamidc at about -78** C. to 100** C. After reaction, 
the inixture is poured into aqueous tartaric add and the 
product isolated from the organic layer. As in the case cf 
Method A, protecting groups at Ar'°, Ar^*', Ai^, R' and 
are lemoved as necessary. This process, including the iHi^ : 
ration of the starting material of formula XH is also 
described in greater detail in WO93/02048. 
Method F: 




Ifif orlh' 



Compounds of formula Ig* and Ih' (i.e., compounds of 
formula I wherein R is OH), wherein R.sup.2 ' is a protected 
hydroxy group as defined above, and the remaining vari- 
ables are as defmed above, can be prepared by reacting an 
imine of formula [1 1] 2 and a carboxyUc acid derivative of 
formula XIV, wherein the variables arc as defined above, 
according to Method followed by oxidatifm of the result- 
ant halidc of f omula XV by treatment with an oxidizing 
agent such as nimethylainine oxide. OOs or ozone in a 
solvent such as DMSO. The resultant aldehyde or ketone of 
formula XVI is Aen reacted witti an aryl ocganometallic 
reagent (c.g., Ar^XMgBr, Ar^^JLL Ar**X«MgCl or 
y^^^CeOg) to obtain a conround ctf formula Ig* or Ih*. As 
dcsciibcd above, the Ar***, AT**, Ar^ and R^ substituents 
can be converted to the desired Ar*, Ar^. Ar^ and R* 
substituents by procedures well known in the art. 
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Method G: 



H 
I 



I 




MSI ^ 



xvn 



Hal R3 

I I 



xvm- 



o-BuiNOHor 
D.Bii4N0C(0)CF] 



xvm 

OH R> 

I I 



Ri R' 1 ' 



Ai2 



Con^Muods of fcHinula li havine a hydroxy substituent on 
the side chain adjacent to the Ar^groiq) (Le., con^xMinds of 
fcmmila I wherdn m is 0) can be prqiaicd by beating a 
compound of fcmuila XVIL prepared by Method D. above, 
wherein the variables are as d^ed above« for about 1-6 
hours at about 60** C. to 100* C wiJh a halogcnating agent 
such as N-bromosuccinimidc (NBS) in a suitable solvent 
such as CCI4 in the presence of an initiating agent such as 
benzoyl peroxide. The resultant com^XNind of formula 
XVnL wherein Hal is Ct Br or I and the remaining variables 
are as defined above. Is then heated in a suitable sd vent such 
as CH2CI3 with a tetraalkyl-ammonium salt such as cetra 
n-butyl-ammonium hydroxide (n-Bu4N0H) to obtain the 
compound of formula la. Alternatively. con^Kiund XVm 
can be heated in a suitable solvent such as CHaO^ with tetra 
n-butylammonhun trifluoroacetate (n-Bn4N0C(0)CF3) fol- 
. J - ^ _ — - lowed by treatment with a mild base sudi as etiianol 
^ 1 '/ 1 ' <J<JL--- ^ [NH3] NH3 to obtain compound li. 



O R7 
U I 



s 



O R' 
II I 

DS I I 



XX 



XX 



OH R' 
I I 
> Ar»-X.-C-Y.-(CV-Z, 



I " r >-< 

H R> ' 



ConqxMjnds of formula Q (i.e.« conqxMinds of foimula I 
wherein R is OH. is H and q is 1) are prepared from 
con^KNind XIX in 2 steps. First* a compound of formula 
XDL wherein the variables are as defined above, is dissolved 
in a suitable anhydrous solvent c^. THF, at about -20* C. 
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to about 22"* C. pcefciahly at about 0** C. under a dry inert 
atmosphere, eg. aigon and adding a transitSon metal source. 
e.g. tetrakis(triphenylphosphine)^>aUadiuin or palladium 
ac^atc^triphenyl phosphine. An organometallic of f (xmula 
.\r' .X[m]n,-Met, 5*^crein in Ar*^ X and m are as defined 
above and M et is . f cr example. ZnQor BCOH)^. is added to 
the reaction mixture at about -2(f C to about 22"* C. 
preferably at about <f C. the reaction mixture is sticred for 
about 15 min to4 h. jvefcrably about 1 h. and is then allowed 
to warm to about 22*" C Addition of dilute add. e.g. IN HCL 
followed by extraction with a suitable organic solvent e.g. 
ethyl acetate (EtOAc). produces comoound XX. 
The ketone of formula XX is dissolved in a suitable golyent e.g. 
CHaOH, a hydrogenadon catalyst Is added, e.g. Pd on 
caibon. and the mixture Is exposed to Hj gas under a 
pressure of about 14 psi to 100 psi. preferably about 60 psi 
for about 1 to 24 h. prefaably. about 16 h. The hydrogena- 
tiott catalyst is removed by filtration and the sotvent is 
removed in vacuo to produce a compound Ij as a mixture of 
alcohol diastereomen which can be separated by conven- 
tional means. 

Altcmaiively. a ketone of fonnula XX is dissolved in a 
suitable solvent e.g. THE at about -40® C to about 22*" C 
preferably at about 0° C. and a suitable reducing agent such 
as NaBI{4, a substituted bocohydride (e.g.. [cbz-proline] 
^BHNa) or a borane is adlded. optionally in the presence of 
a suitable chiral promotor present either in catalytic or 
stoichiometric amounts. e.g.. chxral borane of structures: 



O-'x"* 

\,_0 B-O / 



B— O 



Addition of dUute add. e.g.. IN HCL foDowed by extrMtion 
with a suitable solvent produces conqxxinds of formula 
As above, protecting groups at Ar'^. Ar^. Ar^ and are 
removed as necessary. When eitba a cfairal reagent or a 
chiral promotor is used, die resulting product is non- 
raoenuc. 

Compounds of fonnula XK can be prepar ed by a nmlti- 
stcp procedure as represented below: 



o 

II I 
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-continued 
SdOM buc ^^ ^^^ 

xxm or 

11 Silyhtmg ^ent 



1)V 



0 ^ 

II I 

R»o-c-y.-(cv-2;^^ ^Ai» 



XXIV O ^Ai» 

O R' 



I 

R3 

XDC -^Af» 



CooqxMiDds of fonnuk XXL wherein R*** is lower alkyl 
and the remaining y^ables are as defined above, are commer- 
cially available or can t>g prgpCTgd W trggting thg CQUg- 

spondinp carhoxvlic acid (j.g,, pQmpo yiids Wherei n thg CI is 

' replaced by a hvdroxv group) with a "chlorin ating agent, e.g. 
SOCl, or oxalvl chloride , under a drv atmosphere, neat or in 
a suitable inert organic solvent, e.g. toluene at about 40° C. 
to 110° C. preferably abo ut 70° C: altemativelv. a catalvst 
made be added, e.g. d imethvlformamide nOMF). the reac- 
tion is conducted at about 22° C. an d the solvent and excess 

rea gents are removed in vacuo. The PQmpQTOid XXI is 

reacted wi th a chiral auxiharv such as ('SV4-phenvl-2- 
oxazolidinone according to the following procedure: a chiral 
auxiliary i s treated with a strong base such as an 
allcvllithium. a metal hvdride or a tertiary amine base swgh 
as triethvlam ine. in a suitable anhydrous organic solvent. 
e. g.. drv TH F. under a drv. inert atmosphere, e.g. argon at 
about -85° C. to 22° C. preferably about 0° C. for about 10 
min to 60 min. preferably about 30 minutes. The resulting 
anion is rea cted, without isolation, with compound XXI in a 
suitable anh ydrous organic solvent, e.g. dry THF. under a 
drv. inert at mosphere, e.g. argon at about -85° C. to about 
22° C. . pre ferably 0° C. for about 30 min to 60 min. 
preferably 30 min. The re action is warmed to about 22° C. and 
continued for 1 to 12h. preferably 6 h. Water is added 
and compoun d XXn is isolated bv extraction and purified bv 
crystallization. 

The compo und of formula xxn is treated in thfe^sms 

manner as described in step 1 of Method E tO Ob ta^X 
"compound jgOn. 



• 



AzcUdiDonc ling closure can be accompli^ed by alter- 
native jTOcedures. By one method, a compound of formula 
XXm is treated with a strong noo-nudeophilic base, such as 
sodium or lithium-bistrimcdiylsilylamide. in a suitable inert 
organic solvenu e.g. CHjCls. at about -TS"" C. to about 10*' 
C. preferably about 0** C Hie mixture Is stiired fcr about 1 
to 2 hours while gradually warming to about 22° C Com- 
pound XXIV is isolated by conveotioDal extraction with 
CH3CI3. Id another, two-step method, a compound of for- 
mula XXm is first treated with mOd silylating agent e-g. 
N.O-bis(trimctfaylsilyl)acetamide at about 0° C to about 
100** C preferably about 40** C for about 10 min to 60 min. 
preferably 30 min. ttien treated with a fluodde anion source. 
e.g. tetrabutylammonium fluoride (TBAF). at about 0** C to 
about 100° C. preferably 40° C and allowed to stir for 
about 0.5 to about 4 hours, pceferably about 2 hours. 
Conqpound XXIV is Isolated by conventional extraction 
m^bods. 

The oonqxNind of fonnula XXIV is hydrdysed by a 
suitable base. e.g. LiOH. in a suitable solvent eg. 65% 
CH^OW water at about 0° C to about 50° C. preferably 22° 
C.« for about 1 to 4 hours, preferably 2 hours, then extracted 
with a suitable 8<^vent eg. EtOAc. The resulting add is 
converted to the add chloride as described above by treat- 
ment with a chlorinatton agent eg. oxaiyi chloride, to afford 
conqxNind 

Mettiod I: 

H 
I 
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•c<Hitinued 

OH 

XXVI -Ssfe^gs^Ar»-X"-c-Tr ^ 



Compounds of fonmila Ifc wherein Ar\ Ar^, Ar^ and R 
are as defined above, one of X" and Y" is -OIjCH j— and 
the other is selected from the group consisting of 
-CH2CH5— , -CHj-, -CHdowcr alkyl)-, — CH 
(dilowcr alkyl) and a bond, arc prepared by oxidation of an 
alkene of fcnnula XXV, wherein one <rf X and Y is 
_<3Ie=CH— and the other is — CH=CH— . — CHj— * 
^CHjCHj— . — CH(lowcr alkyi)-. — CH(dilowcr alkyi) or 
a bond, and the remaining variables are as defined above, 
can be prepared by the following two step procedure. 

A con^xmod of fOTTOula XXV, whidi can be prqwred by 
Method D. above, is treated with an oxidizing agent such as 
ScOj. pbcnylsdenic anhydride or CrOj in a suitable solvent 
such as dioxanc at about 22** to 100^ C for about 0.5 to 12 
hours. After the starting material is consumed as detennioed 
by TLC or 12 hours, the reaction is cooled to about 22* C. 
and Ac product XXVI is isolated by extraction. 

In die second step, an allylic alccM <rf fomula XXVI is 
dissolved in a suitable solvent cg« EtOAc. a hydrc^cnation 
catalyst added, e.g., Pd on carbon, and the mixture is 
exposed to gas under a pressure of about 14 psi to 60 pd 
for about 1 to 12 hours. The hydrogenation catalyst is 
removed in vacuo to obtain a compound of formula Be. 
Method!: 



NaH/NBS^ 



I ^u, >' 

* O*^ ^Ai» 

xxvn 



xxvnb + 
xxvmb 



i)Mg(lFA]& 
YXXSOm— ^ 

OH 



XXKa 



(TMSbSH . 
XXDU-i ^ > 



-CODtiDUCd 
R' 




OH 



(mtjor) 



+ 



R' 



OH 



Ar«»-X.-(C)i, 




xxvmb 



u)t.Bu'"NHa-BH> 



R' 



OH 




XXDCb 



XXDCb 




Alcohols of formula Im and In (Lc. coii^)ounds of fonmila 
I where r is K is —OH. R' is hydrogen and p is 0) can 
be selectively obtained from ketones cf fonmila XXVn in 
three steps cominising hrominatioo. reduction and debromi- 
nation. Since Ac stereodicmistiy of Ihe major isomcR of 
nkdbxAs XXKa and XXDCb are different one can aeleo- 
tively prepare either diastereomeric alcohol 

In the above process, a ketone cf f cnmila XXVIL whidi 
can be prepared by ooddaticm of the cooesponding hydroxy 
con^xxind by well known nadhods. is halogcnated, for 
exanqjlc by treatment in an inert solvent, c^., THE with 
NaH followed by N-bromosucdnimidc, to obtain a mixture 
of 3-teomo-k«aone con5)Ounds XXVm (a and b). Cona- 
pounds [15] XXVna and XXVmb are then separately 
reduced to the coiresponding alcohols, for cxan^ by 
treatment with magnesium trifluoroacctatc (MgCIPAW and 
t-butylamine borane (t-Bi»— NHj— BH,) in an inert solvent 
such as THF at a tenqKWture of about -78*> C to 0** C The 
resultant alcohols XXK are dehalo^nated by treatment 
witii tris(trimcthylsayl)silane ((TMS)3SiH) in a sdvent such 
as toluene in die presence of a radical initiator sudi as 
Z2'-a26bisis<*utyronitiilc (AIBN) to obtain a mixture of 
isomers Im and In which can be s^mrated into individiial 
enantiomers by conventional means. e.g., HPLC Again. 
jHolccting grw^K at Ar*° Ar»- Ar» and K arc removed as 
necessary. 

Starting compounds HL V. VL m VHL XIV. XVIL XXI 
and XXV are all cither commercially available or well 
known in the art and can be prepared via known mcdiods. 

Reactive groups not involved in the above processes can 
be protected during the reactions with amventional protect- 
ing gnMips which can be removed by standard procedures 
aftertiie reaction. The foUowingTaWe 1 shows some typical 
protecting groups: 
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TABLE 1 



Group to be Qnop R> be ftoteciBd ml 
Protfided Ptotecting Oroq> 



-COOM -COOalkyl, -COObemyU -COOphcnyi 

^NH ^NCOaUcyl. ^NCObcnzyl, ^NCOphaiyl 

/ / / / 



-NH, 



^NCWaOCHiCHiSi(CHj)! ^NC(0)OC(CHiK 



\ \ \ I 

N-bcnzyl. NSiCCHj)^ ^NSi-C(CHb 

^ ^ CHj 



— N 



-OH CH, 

-OCHfc -OCHaOCHfc -OSi-C(CH>i 
CH» 

- OSi(CH,>„ or - OCHrftey I 



We have found that tbe conqxxmds of ttiis invention lower 
senun lipid levels, in particular scrum dioiesterol levds. 
CQnq)oimds of this invention have been found to inhibit the 
intestinal absorption of cholesterol and to significantly 
reduce ttie formation of Uva cholestoyl esters in animal 
models. Thus, conqxxmds of tttis invention are faypocholes^ 
tcrolemic agents by virtue of their ability to inhibit the 
intestinal absorption and/or esterification of cholesterol: 
they are. therefore, useful in the treatment and prevention of 
athexosdcrosts In mamnuds. in particular in humans. 

The in vivo activity of the compounds of f amuila I can be 
detennined by die following procedure: 

In Vivo Assay of i[Hypoligidemic] Hvpolipideni ig Agents Using the 
Hypexiqsidemic Hamster 

Hamsters are sqtarated into groups of six and given a 
controlled cfacdesterd diet (Pinina Chow #5001 containing 
0.5% cholesterol) for sev^ days. Diet consunqytion is 
monitored to detennine dietary cholesterol e^>osure in Ibe 
faceof test ccci^>ounds. The animals are dosed with the test 
cofx^Kxind once daily b^inning with the initiation of diet 
Dosing is by oral gavage of 0.2 mLcf com oil alone (control 
groi:^) or solution (or suspension) of te^ cohqkhiiuI in com 
oil. AU animals moribund or in poor physical condition are 
euthanized. After seven days, the animals arc anesthetized 
by intramuscular (IM) injection of ketamine and sacrifioed 
by deoqutation. Blood is collected into vacutainer tubes 
containing EDIA for plasma lipid anafysb and tiK liver 
excised for tissue lipd analysis. Lqud analysis is conducted 
as per published procedures (Sdmitzer-Polokoff. R.. et aL 
Con^, Biochem. Physiol, 99A, 4 (1991). p, 665-670) and 
data is reported as percent reduction of Iq^ versus oontroL 

The present invention also relates to a pharmaceutical 
coxnposition conqvising a compound of formula I and a 
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pharmaceuticaUy zcccptsbic canier. The conq>ouD<ls of for- 
mula I can be administered in any conventional dosage form, 
jveferably an oral dosage fran such as a c^sule, tablet 
powder, cachet, suspension or solution. The formulations 
and phannaceutical compositions can be prepared using 
conventional phannaceutically accqitablc C3ic4>icnts and 
additives and conventional techniques. Such phannaceuti- 
cally acceptable exdpienU and additives include non-toxic 
compatible fillers, binders, disintegrants. buffers, 
preservatives, anti-oxidants. lubricants, flavorings, 
thickeners, coloring agents, emulsifiers and the like. 

The daily hypocfaolesteremic dose of a con^xxind of 
fonnulalisaboutO.! to about 30 mg/kg of body weight per 
day« preferably about 0. 1 to about 15 mg^. For an average 
body wei^t of 70 kg. the dosage kvd is Iherefore from 
atxxit 5 mg to about 1000 mg of drug per day. given in a 
single dose or 2-4 divided doses . The exact dose, however, 
is determined by the attending clinician and is dependent on 
the potency of the compound administered, the age. weight, 
condition and response of the patient. 

For tiie combinations of this invention wherein the 
hydroxy substituted azetidinone is administered in combi- 
nation with a cholesterol biosynthesis inhibitor, the Qrpical 
daily dose of the cholesterol biosynthesis Inhilritor is 0.1 to 
80 mg/kg of mammalian wei£^ per day administaed in 
single CO- divided dosages, usually once or twice a day: for 
example, for HMG CoA reductase inhibitofs. about 10 to 
about 40 mg per dose is given 1 to 2 times a day. giving a 
total daily dose of about 10 to 80 mg per day. and for the 
other cholesterd biosynthesis inhibitors, about 1 to 1000 mg 
per dose is giveo 1 to 2 times a day. givii^ a total dailb^ dose 
of about 1 mg to about 200 mg per day. The exact dose of 
any coa9>oaent of the comhtmttion to be administered is 
detennined by the attending clinician and is depcadcat on 
the potency of the con^Mund administered, the age. weight 
condition and response of the patient 

Where the con^xxients d a combination are administered 
separately, the number of doses of each component given per 
day may not necessarily be the same* e.g. where one 
component may have a greater duration of activity, and will 
therefore need to be administered less frequently. 

Since the present invention relates to the reduction of 
plasma diolesterol levels by treatment witti a combination of 
active ingredients herein said active ingredients may be 
administered sqMzately. the invention also relates to com- 
bining separate pharmaceutical conqxmtions in kit fonn. 
That is, a kit is contemplated wherein two sqiarate units are 
combined: a cholesterol biosynthesis inhibitor pbatmaoeu- 
tical con^KMition and a liydnxxy substituted arrtidipone 
cholesterol absorption inhibitor pharmaceutical composi- 
tion. The kit will preferably include directions for the 
administration of the separate components. The kit fonn is 
particularly advantageous when the separate components 
most be administered in different dosage fonns (eg. oral and 
parenteral) or arc administered at different dosage intervals. 

FoUowing are examples of preparing compounds of for- 
mula L Hie stereodiemistry listed is relative stereochemis- 
try unless otherwise noted. The terms as and trans refer to 
the relative orientations at the azetidinone 3- aiKi 4-positions 
unless ottierwise indicated. The term ^r* refers to the proton 
NMR coupling constant in hertz (Hz) between the 3- and 
4-substituted protons of the azetidinone. All NMR data is of 
CDQa solution unless otherwise indicated. 
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EXAMPLE 1 




B 



Freshly j^qwrc a solution of lithium diisopropylamidc 
(LDA) by dissolviiig diisqprqpylaminc (L19 g. 1L8 naoot) 
in anhydrous THF (20 ml) at -78** C under argon. Add 
n-butylIithiuin(4.9inL 11.8 imiioL2.4M in hcxancs) and stir 
for 0^ h at -78" C. To this cold sdution add, ^hcnylbu- 
tyrolactonc (1.75 g. 10.8 mmol) in THF (4 ml) over 0^ hu 
keeping the reaction temperature below -65* C. Stir at -78** 
C f cr 0^ h, flicn add 4-mctboxybcnzyHdiiic anisidinc 
(233 g* ILO mmol) in THF (8 ml) over 1 b 8t-78* C Waim 
the reaction slowly to -50* C over 1 h. (Jucndi the reaction 
at low tempcxature with IN HQ (12 ml). Petition the 
reaction mixture between cttm and IN HCL wash the ether 
layer with watff. comWnc the cdier extracts, diy over 
MgS04 and concentrate in vacuo. Crystallize ttie crude 
reaction residue (3.0 g) ftom EtOAc-ether to obtain 1.54 g 
of compound A. Reconcentrate the filtrate and dir<Hnato- 
grq)h on silica gel 60. chiting with 4:1 EtOAc-hcxanc. and 
isolate additional con^XMind A (0385 g) as wcU as com- 
pound B (0.420 g). 



Compound A: mp 218*-220* C; IR 1730 on-l; a 
(M— H) 374; J=5.9 Hz. 



Compound B: mp 74«-76* C; IR 1730 cm-1; Q (M4«) 
374; }=a.3 Hz. 



Using a similar procedure and q)propiiate starting 
materials. prqMOC compound IC: 




To a solution of oonopound A firom Ebuunple 1 (0.5 g. 13 
mmol) in anhydrous pyridine (2.7 ml), add acetic anhydride 
(0.63 ml. 6.7 mmol). Stir for 16 h. dflulc with CHjOj «nd 
wash 3x wife IN HQ Ix with NaO (satM) and Ix with 
watcL Concentrate the organic layer to dryness and crystal- 
lize the residue from EtOAc to obtain the tide compound 
(0.46 g). mp 167*»-169° C; IR 1745 cm-1; m (M+) 415; 
J=5,9 Hz. 

EXAMFLE3 




Freshly prepare a scdution of lidiium isopropylcydohexy- 
lamide (LICA) by adding n-butyllithium (ZS4 mL of a L6M 
solution) to 5 a sc^ution of isopropylcydohexylamine (0.75 
mL) in THF (lOO mL) at -78* C Dissolve N-|Acnyl-4-(4- 
metboxyphenyl)-2-azctidinone (1.0 g) in THF (8 mL) and 
slowly add to die LIG\ solution at -78** C After stirring for 
20 min« add faydrodimamalddiyde (0.54 g) and stir the 
reacdon mixture at -78*" C for 4 h. Quench the reaction witti 
10% KHSO4 and extract die product widi BtOAc Sq>arate 
die organic layer, wash witti water and NaQ (sat'd). Cwi- 
centiHtc die cxtraa and purify the resultant residue on a 
silica gd 60 cohmm. duting with EtOActexanc (15:85) to 
obtain 1.15 g of product as a mixture of diastereomers. 
Separate the diastereomers by HFLC on a silica gd colunm 
to give three diastereomers 3A. 3B and 3C: 
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OMe 



OMe 



lHtaCDai:732-7.18(in, IIH); 
7X»-<L99(m, IH); 6^dL 2H); 
4^d,^I4Hs, lH);4.1(MXJ0(m, 
IH); 3.79(s. 3H); 3^3.16(in, IH); 
250-Z67(in. 2H); 2.15-U5(nu 3H) 



lHiDCDCb:735-7.10(m. llHy; 
7J0W59(m, IH); WHz, 2H); 
5^d.i=MHz, lH);4.26-4.l4(m. 
1H);3.79(«. 3H); 3.21-3.14(iiu IHX 
189-2^(01. 2H); iK>-U3(iii. 3H) 



OMe lHuiCDCb:73O-7j00(m.lOH);6^ 
(d Hz, 2H): 6 J3(d. JsSHz, 2H); 
3.12(d, WJHz, IH); 3 J2(i, 311); 
3.75-3.63(iD, IH); 3 J2(adL M95Hx. 
lH):2.71-2J7(m. IH); 2.4^233(m, 
IH); l^l^m, IH); M7-131<iii. 
IH) 



The 3 A. 3B and 3C. diastwccwnas were fuifher separated 
according to ttic fc^owing reaction scbcmc. wherein partial 
structures are shown: 
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-continued 



3B 



chiraketODHPljC 
8:92IPAafa 



V 



L_..-0' 



cturalcel OD HPLC 




(The fbUowing CD spectra dato [Gl are aU obtained in 
CH OH ) 

3D) [ei^,af=*^2.0xl0* cm*/dM; [B]Muaf=-*-6>'^^ 
onVdM. Bemental analysts calc for CjsHasNOs-O^S 
C 76.6: H 6.56 N 3.57. found: C 76.66; H 6.49; N 3.64. 

3E) tei2r„ii^l.95x»0* cm'/dM; [BJa^rtr'^^Sxlff' 
onVdM. Bemenul analysis calc for CaaHjjNO3.0.5 HjO: 
C 75.73; H 6.61; N 3.53. found: C 75.66; H 6.41; N 3.60. 

3F) m^jt.u^l^^iO' cmVdM; iei,4o-W=*-5-22xl<r 
cm'/dM. Elemental analysis cak for C^HzsNO,: C 77-48; 
H 6.5-1; N 3.62. found: C 77.44; H 6.53; N 3.70. 

3G) ie]jM^1.78xlO* on'/dM; [e)„j,a^78xlO* 
cm'/dM (QMS 388 M*H). ^ , . ,«« 

3H) [e]i,*^2J4xlO* cmVdM; |eij4i«*<*-5.4xl0' 
cm'/dM. lal?^=-544» (2.5 mgtol CH,OH) Etencnttl 
analysis calc for C^ajNO,: C 77.48; H 6J1; N 3.0. 
found: C 77.11; H 6^; N 3.72. 

3D ieiMa.a<^2.05xlO* cm'/dM; (e]j«,M<-^5.2xlO' 
cm'/dM. (OMS 388 M^I). 



OH 



,OCHi 



3J) 



V 




i 



Add DEAD (0.11) to a solution of compound 3H (132 
mg), PPha (0.18 g) and HCO2H (39 ml) in THF (5 ml.). Stir at 
room [tpmppratq]_temperature overnight, then partition the reaction 
mktuie between Et^O and HaO. Wash (brine) and dry 
(MgSOJ the OfTganic layer and concentrate to dryness. Flash 
chromatogr^ the residue using BtOAcfiex (1 :4) to obtain 
the formate ester. Dissolve this in CHaOH and add 4 drops 
of cone HCL After 4 h* concentFate in vacuo and flash 
chromatograph the residue using BtOAciHex (1:3) to obtain 
3J. m^4Mki^^^^^ cm*/dM; 

iei239«M=+5.70xlO* cm^/dM, (al^*»-157.6» (2.5 
mg^mi CHjOH) 

^OCHs 3K) 

OH 



V 

Using the procedure described for 3J, treat compound 31 
to obtain 3K. [e]22a„ar=-3.4xltf* cmVdM; [al34o,uir^5.6x 
10* cm^/dM. [a]?^167^«* mg^ CHaOH) 

Using the procedure described above for prq>aring com- 
pounds 3A and 3B, treat N-phciiylr4-(4.mciaxyphenyl).2- 
azeddinone with UCA foUowed by 2-naphthaldehyde to 
obtain the diastereomcrs 3L and 3M: 
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Method 1: 

Step 1) To a refluxing solation of of 
4-methcKyberizylidene anisidine (10.0 g. 41.5 nunol) and 
aibutylamine (20.8 mL 87 mraal) in toluene (100 ml), add 
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S-bromavalcroyl diloiide (8 J g. 43. nunol) in toluene (20 
ml) diopfwiseover2 h. Stir the reaction mixture at 80** C. for 
12 h. cool to room tenq>eraturc« washJx with 1 N HQ. Ix 
with water and dry the organic layer over MgS04. Purify by 
silica gel chromatography, eluting witti ethyl acetate^exane 
(4:1) to obiata 5.1 g <tf 0R- 4S>-L4-his(4-rocthoxyph«iyl) 
-3-(3-bromopropyl)-2-azetidinoDe (relative 
stereochemistry), mp 70*'-73'' C; EL (M*) 404; J=23 Hz. 

n I y / 73 Step 3) To a solution of the product of step 2 [(0.7 1 34 g,] f O.734 g. 

/ mmol) in {CH^^O (20 ml), add (CH3)3N(0) (Z39 g. 31.9 

mmd). Heat the mixture at 60^ C for 3 h, cool to rocun 
temperature, dflute with EtOAc. and wash 3x with water. 
Combine the aqueous fractions and extract with EtOAc. 
Combine die cM'ganic fractions and concentrate. Purify the 
crude product by silica gel chrcxuatography, duting with 
EtOAchcxanc (1:1) to obtain 1.4 g (3R, 4S)-l,4-bis-(4- 
methoxyphenyl)-2-oxo-3-azetidlne-propanol (relative 
steieochemistry), an oil; EI (M*) 339; 1^23 Hz. 

Step 3) To a solution the product of stq;> 2 (0.7134 g, 
2.2 mmol) in THF (4 ml) at 0^ C add pbenylmagnesium 
bromide (2.4 ml. 2.4 nunol. l.OM in THF) over 0^ h. After 
1 h at 0^ C, add water (S ml), separate the layers, wash the 
organic layer 1 x with IN HQ, dry with MgS04 and 
concentrate to an oil Purify by silica gel duomatography. 
eluting with EtOAcbexane (2:1) to obtain 0372 g of the 
title conqx)und (mix d diastereomers) as an oiL CI (NTH) 
418. 

Sq>aration cf diastereomers: Apply the diastereomeric 
noixture frcm stq) 3 to a Chiralcd OD (Chind Ibdinoiogies 
Coup. Pa.) chromatography column, ehiting with hexane: 
etfaanol (9:1) to obtain enantiomerically pure (>98%) dias- 
tereomers as follows: 
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-contimied 



0 OU;lali^=-29J'.<»K='5ingtal 
CI(M+H>H8.J=2.1Hz. 




Method 2: ^ ^ , 

Step 1) To a solutiwi of l>KSHtts(4.inetbaxyphenyl)-3- 
(3(R).phenylpropyl>-2-a2etidiiK>nc (5.04 g, 0.013 rook) in 
cell (20 ml) at SC* C, add NBS (2.76 g. 0.0155 mole) and 
benzoyl peroxide (0.24 g, 1.0 mmolc) in three equal portions 
over 1 h. FoUow the reaction by TLC (4:1 hcxanc: EtOAc). 
Cool the reaction to 22* C. add NaHS04. separate the layers 
and wash Ihe organic layer 3x with water. Concentrate the 
organic layer to obtain the crude product 
a (KTH) 480; 'H in CDQ, 8 niCa(OH)-«.05 ppm. 
Step 2) Dissolve the crude product of Step 1 in CHjClj 
(30 ml) and add 40% n.BuN0C(0)CF3 in water (30 ml). 
Reflux tiie biphasic reaction for 24 h, cool sq>arate the 
layers and wash the organic layer 6x with water. Concentrate 
the organic layer to dryness and immediately redissoWc the 
residue in ethanol saturated witfi NH, (10 ml). After 1 h, 
concentrate the reaction mixture and partially purify by 
silica gel chromatogri5)hy. Further purify by HPLC to obtain 
a 1 : 1 mixture of compounds 4 A and 4B. The mixture can be 
further purified on a C3iiracel OD column to obtain 4A and 

4B separately as diaracterized above. 

Using the procedure described in Exan^de 4. Mctood Z 
with 4(S)-(4-acctoxypben)d>-3(RH3-phenyl|HOpyl)-l-(4- 
inctboxy-phenyl)-2-a2ctidinonc as the staiting material, pre- 
pare the following compounds: 




OH inp87-90*C; 

KRMS cak'd far C»HxsN04« 
4a3.1797.<ouDd 403.1785; 
■H in CDCb & PfcCH(OH) - 4J82 ppm. 



0« HRMS calc'd for C:25H25N04= ^ 

[403.1787, ''^^'^Y ^n^ 1797, fou nd 403.1787; 

>H in CDCI3 5PhCH(OH) = 4.78 



t 
! 




To a solution of the product of step 2 of Example 4 (0^0 
g, 0.68 mmol) in THF (2 ml), add the reagent derived from 
treatment of 4-mcthoxymcthylphcnyl bromide (0.159 g. 
0,736 mmol) in THF (4 ml) at -78** C with soc-buQrllitliium 
(0.6 mL 0.78 moL 13M in hcxancs), followed by CtO^ 
(0.186 g. 0.75 nunol). After 4 h. extract Ac product and 
purify by duomatography in a manner similar to that 
described in step 3 of Example 4 to ohodn 0.05 g cf ttie title 
conqxxmd (mix of diastereomers) as an oil CI (NTH) 478. 
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EXAMPLE6 




OH 6A 




Step 1): To a solution of (S)-4-phenyl-2-oxazolidmone 
(41 g, 0.25 mol) in CH2 CI2 (20 ml), add 
4-dimethylaminopyridine (2.5 g, 0.02 mol) and triethy- 
lamine (84.7 ml, 0.61 mol) and cool the reaction to O'' C. 
Add methyl-4-(chlorofomiyl)butyrate (50 [9]g, 0.3 mol) as a 
solution iD CH2Q3 (375 ml) dropwisc over 1 h. and allow 
the reactioo to wann to 22** C After 17 h. add water and 
H2SO4 (2N. 100 mi). sqMiatc the layers, and wash the 
organic layer sequentiaUty witfi NaOH (10%). NaQ (sat'd) 
and water. Dry the ocganic layer over MgS04 and concen- 
tiate to obtain a semiaystallinc product 
Step 2): To a solution of TiCU (18.2 ml, 0.165 mol) in 
CH2 CI2 (600 ml) at O.degree. C, add titanium isopropoxide (16.5 
ml, 0.055 mol). After 15 min, add the product of Step 1 (49.0 
9, 0.17 mol) as a solution in CH2 CI2 (100 ml). After 5 min., 
add diisopropylethylamine (DIPEA) (65.2 ml, 0.37 mol) and 
stir at O.degree. C. for 1 h, cool the reaction mixture to -20** C, and 
add 4-benzyloxybenzylidine(4-fluoro)aniline (114.3 g, 0.37 
mol) as a solid. Stir the reaction vigorously for 4 h at -20.** 
C, add acetic acid as a solution in CH.sub.2 CI2 dropwise over 15 
min, allow the reaction to [wamr] warm to O.degree. C, and add H2 
SO4 (2N). Stir the reaction an additional 1 h, separate the layers, 
wash with water, separate and dry the organic layer. Crys- 
tallize the crude product from ethanol/water to obtain the 
pure intermediate. 

Step 3): To a solution of Ihc product of Step 2 (8.9 g. 14.9 
mmol) in toluene (100 ml) at 50** C. add N.O-bis 
(tiinaethyl$ilyl)acetamide (BSA) (7.50 nd. 303 mmol). 
After OJ h. add solid TBAF (039 g. 1.5 mmol) and stir the 
rcactioii at 50° C for an additional 3 h. Cool Ihe.reactioo 
mixture (0 22** C. add CH30II (10 nd). wash the reaction 
mixture with HQ (IN). NaHCOa (IN) and NaQ (satM.). 
and dry the crganic layer over ^^S04- 

Step 4): To a solution of the product cf Step 3 (0.94 g. 2.2 
mmol) and CH30H (3 ml), add water (1 ml) and LiOHJIsO 
(102 mg, 2.4 mmole). Stir the reaction at 22*" C for 1 h and 
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add additional tiOH.H30 (54 mg. 13 imnole). After a total 
of 2 add HQ ( IN) and EtOAc. sqnrate the layers, dry Ihe 
(Hganic layer and coocentrate in vaoia To a solution of 
resultant product (0.91 g. 22 mmol) in CRJCli ^ ^ * 
add QCOCXXIl (0.29 mL 33 mmol) and stir for 16 h. 
Remove die solvent in vacua 

Step 5): To an cfBciently stirred suspension of 
4-fluorophenylzinc diloride (4.4 mmol) prqwrcd from 
4-fluon}phenyImagnesium bromide 5 (LM in llIE 4.4 mL 
4.4 mmol) and ZnQ, (0.6 g. 4.4 mmol) at 4^ C. add 
tetrakis(tn^eny^osphine)palladium (0.25 g. 0.21 mmol) 
and the product of Step 4 (0.94 g. 2.2 rnxooi) as a solution 
inTHF(2 ml). Stir the reaction for 1 b at 0° C and dien for 
0.5 h at 22° C. Add HQ ( IN. 5 ml) and extract Mvitfa EtOAc. 
Concentrate die oiganic layer to an oil and purify by silica 
gel chromatography to obtain 1 -(4-fluarof^enyl)-4(SH4- 
hydroxyphcnyl)-3(R)-(3-oxo-3-phenylpropyI)-2- 
azetidinone: 

HRMS calc'd for C34H|9F3N03a408.1429. found 
40S.1411. 

Step 6): To the product of Step 5 (0.95 g. 1.91 mmol) in 
THF (3 ml), add 0l)-tetrahydro-l-methyl-33-dq)bcnyMH, 
3H-pyirolo-(l^-c][13J}€Kazaborole (120 mg. 0.43 nuikol) 
and coo] the mixture to -20** C. After 5 min. add 
borohydride-dimethylsulfide complcc (2M in THFu 0.85 
mL 1 .7 mnK>I) dropwise over 0. 5 h. After a total of 1 J h, add 
CH30H foUowed by HQ (1 N) and extract the reaction 
mixture with EtOAc to obtain l-(4-fiucrophenyl)-3(R)-{3 
(S)-(4-fluorophcnyl).3-hydroxypropyJ)l-4(S)-[4. 
(phenylmctboxy)pbenyl]-2-azetidinone (compound 6A-1) 
as an QiL in ClXn, 5 H3»4.68. J«23 Hz. a (NTH) 500. 

Use of (SVtetm-faydro-l -nietfayl-33-di4ilicnyl-l H3H- 
pyiTolo-(l^-c]ri3^] oxazaborole gives the cocrespooding 
3(R>-hydroxypiopyl azetidinone (oonqxNind 6B-1). in 
CDQ, 5 H3=4.69. ^3 Hz. a (NTH) 50a 

To a solution of compound 6A-1 (<L4 g. 0.8 mmol) in 
ethanol (2 ml), add 10% Pd/C (0.03 g) and stir the reaction 
under a pressure (60 psi) of H3 gas for 16 h. Filter the 
reaction mixture and concentrate the solvent to obtain com- 
pound 6A. Mp 164*»-166* C; Q (M*H) 410. 

[a]/>^=>-28.1° (c 3. CHaOH). Elemental analysis caic*d 
for C24Ha4F5NO,; C 7a41; H 5-17; N 342; found €70.25; 
H 5.19; N 3.54. 

Similaily treat compound 6B-1 to obtain conqxMmd 6B. 
Mp 129J*-132.5'* C; Q (M*H) 410. Elemental analysis 
calc'd foff C34H2,FjN03: C 70.41; H 5.17; N 3.42; found C 
7030; H 5.14; N 3.52. 

Step 6') (Alternative): To a s<Aution of the product of Step 
5 (0. 14 g. 03 mmol) in ethanoA (2 ml), add 10% Pd/C (0.03 
g) and stir the reaction under a pressure (60 psi) of Hj gas 
fOT 16 h. Filter the reaction mixture and concentrate the 
solvent to afford a 1:1 mixture of compounds 6A and 6B. 

Using iQ)propriate starting mafnials and following the 
procedure of steps 1-6. prepare the foUowing conq>ounds: 
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CKM+H>446; 

HRMS ctfc*d for CjitixiffOi = 
443.1904, fouDd 445.1890 



O CKM+H)446; 

HRMS calc*d fbrC25H25N04 = 
443.1904, found 443.1911 



EXAMPLE? 




OBcnxy] 



OCHj 



To a solution of 7a (1.0 g, 2.1 mmol) in dioxane (10 ml), add SeOz 
(1.33 g, 11.98 mmol) and water [(25 ml, 14 mmol),] (0,25 mU 14 
n anoD. and heat the reaction to 100'' C. After 1 h. cool the reaction 

" to loom tcmpaaturc and isolate by extraction the erode 

product as a diastcieoineric mixture (1:2) of alcohols 7b-A 
and 7b-B. Purify by HPLC on a Dynamax silica column to 
sqjaratc diastereomers 7b-A and 7b-B. 
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Diastereomer 7b-A (R): oil; J34=2.3 Hz, 8 C 
H(OH>=4,86 (t); HRMS C32H29NO4 cak.: 49L2097; found: 

Diastereomer 7b-E (S): oil; Jj4«2.3 Hz, 5 C 

H(OH)=5.06 (t); HRMS C32H29NO4 calc: 491.2097; found: 

491.2117. " . „ 

Step 2): To a solution of diastereomer A firom step 1 (58 
mg. 0.12 mmol) in EtOAc (2 ml), add 10% Pd on caxbon (20 
mg) and stir at 22"* C under gas (14 psi) for 12 h. Filter 
and c<Micentrate to obtain ttie title compound as a semisolid, 
m4>. 90*-92* C. 3^23 Hz, 5 CH(OH>=4.1 (n^; HRMS 
C25H35NO4 cdc: 403.1783; found: 403.1792. 

EXAMPLES 

To a solution of the product of Exaiiq>le 4A(90 mg. 0.2 
mmd) in CH3Q2. add ace^ cfaloide (80 mg. 1.0 mmol) 
and pyridine (8 mg. 0. 1 mmol) and stir at room tcuipcraturc 
for 1 b. Add water, separate Che layers and isolate the 
coiresponding acetoxy compound. 8A. In a similar manner, 
treat the products of £xan9>les 4B. 6B and 6A to obtain the 
following conqpounds 8B. 8*" C and 8D, respectivdy: 

8A: lw4(S)-bis(4-mcthoxyphcnyl)-3(RH3(R)-acctoxy-3- 
phenylpropyl)-2-azetidlDone. Q (M^H) 460; HRMS 
Cj^jsNO, calc: 459.2044; found: 459.2045. 

SB: 1.4(S)-bis(4-mcttiaxyphcnyl>3(RH3(S)-acctoxy-3- 
phenylpropyl)-2-azetidinone. CI (hTU) 460; HRMS 
C28H29NO3 calc: 459.2044; found: 459.2048. 

SC: 4(SH^acctyloxyphenyl).3(RH3(R)-acetylox[i]x-3-(4- 
fluorophenyl)propyl)-l-(4-fluorophenyl)-2-azetidinoner 
FAB M:S 493.4; HRMS C^Jd^^jt^O^ calc: 493.1695; 
found: 493.170L 

8D: 4(SH4-acctyl0Kyphcnyl)-3(RX3(S)-ac^oxy-3-(4- 
fluorophenyl)propyl)-l-(4-fluorophenyl)-2-azetidinonc. 
FAB MS 493.4; HRMS C^fii^J^O, calc: 493.1695; 
found: 493.1694. 

Using qjprc^ate starting matfirials in the prooedure 
ExanqAe 6. prepare l-(4-chlorophenyl)-3(R>-(nydroxy-iUJ£V^" 
chlorophenylpropyl)-4(S)-(4-hydroxypbenyl)-2- 
azetidinone. Using deprocedure of Exanqile 8,prq>arethe 
following diacetatcs 8E and 8F: 




• 
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o 




CKM+H)327; 




jTT 




v 




8E 






0 

XT": 




CI(M4fI)S27: 




jTT 


8F 








OMe 3H 




OMe 3K 



Step 1: 

Add pyridinium chlofodiroiiiate (2.4 g. 11 mmdcs) and 
CHjCOjNa (i^iprox. 20 mg) to a solution of l-phcnyl-3-{3- 
phcnyl-l-hydroxypropyl)"4-(4.incthoxyphcnyl)-2. 
azecidin<»ie ^5 g. 6.1 mmoles) in CHaQ,. Stir at n>om 
ten9)entiire for ISh. then add silica gel (40 g) and concen- 
trate to dryness. Flash cfaraaiatogrq3b the residue using 
EtOAcHex (1:4) to obtain an dl. (1.98 g. yields=85%). *H 
NMR 2.8S-295 (m, 3H), 3.15 (m. IH), 3.80 (s. 3H). 4.10 (d. 
Itt J 2.6), 542 (IH. d, 6.85 (dd, 2H. J 2, 8). 7.05 (m. 1 H). 
7.2-735 (HL 11 H). 

Stq>2: 

To a solution of the product of Step 1 (1.78* g. 4.62 
zmnolcs) in THF at -10"* C. add NaH (115 mg A8 mmoles). 
After 15 mia« add NBS (865 mg. 4.85 mmoles) and stir for 
20 min.. Ihen add IK HQ and partition between BtOAc and 
brine. Squnle the organic layer, dry (MgS04) and concen- 
trate to give an <hL Flash diromatogr^ the ofl using 
EtOAcHex (1:10) to collect fint 9a as a foamy sdid (830 
mg. y=^9%. FAB MS 466^464. M4H). and tfsen 9b as a 
colorless scdid (1.1 g, y=51%. FAB MS 466/464. M+H). 
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Step 3a: 

Add Mg(0C0CF3)2.CF3C02H (73 ml off IM solution in 
EtsO.) to a solutioD cf 9a (0.68 g. 1.46 mmolcs) in THF (5 
ml) at -50'' C. Stir the reaction S roin.. then add t-Bu— 
NHj-BH, (254 mg. 2.92 mmole). After 15 min.. allow the 
reaction to waim to 0^ C over 20 min.. add IN HQ and 
concentrate in vacuo. Partition the residue between EtOAc 
and brine. Concentrate the oiganic liycis and dissolve the 
resultant ofl in GHsQaKIHsOH (1:1) and add flhanolatirinr 
(approx 2 mmoles). After 15 min., concentrate the reaction 
mixime and partition the residue with EtOAc: IN HCL Wash 
(brine) and dry Qd^OJ the organic layer to obtain an oiL 
Purify this oil fay flash dranatograpiby using EtOAc-Jicx 
(1:4) to obtain oonqKMind 9a-l. a cokxless soUd. as a4:l mix 
of diastereomers. 0.52 g. y^76%. SIMS 468/466 (M+H). 

Step 3b: 

Using confound 9b as die starting material, use a pn>- 
cedure similar to Step 5a widi CH3CI3 as tohrent for the 
preparation of 9b>l in 80% yield as a B:l mixture of 
diastereomers (SIMS 468/466 M+H). 

Stq>4a: 

Add a solution of 9a-l (OuT? g. 0J8 mmoles) and AIBN 
(18 mg, 0.12 nomole) in toluene (40 ml) dropwise over 40 
min. to a solution of (TMS)3SiH (1.0 ml) in tohiene at 80*" 
C After 1 h. add more AIBN (5 m^ 10 and continue at gOO*" 
C. foo' 1.5 h. Cool and concentrate the reaction mixture, 
dissolve the residue in CH3CN and wash 3x with hexane. 
Concentrate the CH3CN layer to give die title oonqxNmd as 
a raoemic mixnue (0.25 g). Purify dds qH by HPLC using a 
Chiralcd OD column to obtain 3H (major) and 3J (minor). 

St^4b: 

Use the jHocedure of St^ 4a. starting with conqxxind 
9b-l to obtain an oU. Purify this by flash chromatogrqdiy 
using EtOAcilex (1:3) to collect the racemic tide com- 
pound (yB70%). Pivify this oQ by HPLC using a Chiralcd 
OD cQlumD to obtain 3J (major) and 3H (minor). 




• n 




• 
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EXAMPLE 10 




Stq> 1: 

Follow the procedure of Example 3. using H4- 
fluorophenyl-4-(4-t-butyldinicthylsilyloxyphcnyl)-2- 
azctidinonc to obtain l-(4-fluoropbcnyl-3-(3-phcnyi-l- 
hydroxypropyl) 4-(4-t-butyldiincthylsilyl-oxyphcnyl)-2- 
azetidioone. 

Step 2: 

Treat a solution of the cis-azetidinone of Step 1 (0.25 g) 
in [CH3CN] CH^ (21 ml) with 48% aqueous HF (2.5 ml). After 18 
h, dUutc the leiHlSS^Qixture with cold H^O and extract with 
EtjO. Wash (2x H2O. dilute NaHCOg and brine), dry 
(MgS04) and concentrate the EtjO layer. Cryaallize the 
residue from BOAc-Jicxanc (1:2) to obtain the title ccai^ 
pound as coloriess needles (123 mg. y=64%). mp 168*»-17 1* 
C Elemental analysis calc for Ca^jiQjFN: C 73.64; H 
5.66; N 338. found C 7332; H 5^; N 3.68- 

The following formulations cxcmpliJy some of the dosage 
of this invention. In cadi the term ^'active annpound" 
ilesignates a compound of f onnula L 



E?CAMPLEA 



Wo. 

1 
2 
3 

4 

S 



Active CuAipound 

Lactose USP ^22 

Com StsBch, Food Onde, as • 10% 30 
pste in Purified 1K%ter 

Com Starch, Food Onde 45 

Magnesium Steante 3 

Tbtal 300 



300 
113 
40 

40 
7 

TOO 




Method ci Manufacture 

Mix Item Nos. 1 and 2 in suitable mixer for 10-15 
minutes. Granulate the mixture with Item No. 3. Mill the 
damp granules through a coarse screen (e.g., 1/4*, 0.63 cm) if 
necessary. Dry the [cl]danq) granules. Screen the dried granules 
If necessary and mix with Kcm No. 4 and mix for 10-15 
minutes. Add Hem No. 5 and mix for 1-3 minutes. ConoiHcss 
the mixture to iqjjTOpriatc size and wdgiht on a suitable 
tat^et machine. 



* 
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EXAMFLEB 



No. 


CaDSules 

IqgracfaeDt 


xng^bkt 




1 


Active Compound 


100 


500 


2 


Lactase USP 


106 


123 


3 


Com Suich, Food Qndc 


40 


70 


4 


XUgiMeshim Stearale NF 


4_ 


7 




Total 


230 


700 



Method of Manufaaure 

Mix Hem Nos. 1. 2 and 3 in a suitable Uender for 10-15 
minutes. Add Item No. 4 and mix fw 1-3 minutes. Fill Ihc 
mixture suitable two-piece hard gelatin capsules on a suit- 
able encapsulating machine. 

Rcpreseoutive f(»mulatioiis con^rising a cfaolcstcnri bio- 
synthesis inhibitor are well known in the art It is contem- 
plated that where the two active ingredients arc administered 
as a single composition, the dosage forms disclosed above 
for substituted azetidinone cQropounds may readily be modi- 
fied using the knowledge of one skilled in the art 

Using the test procedures described above, the fc^owing 
in vivo data were otrtained for the exemf^ed compounds. 
Data is rqKMted as percent change (Lc. percent reduction in 
cholesterol esters) versus control, therefore, negative num- 
ben indicate a positive l4>id-lowering effect 



Senm Cboleat Dom Semin Cbokft Dok 

Ex.# Cbokst Esten jqgflcg Ex.# Cfaolest E»te» mgfkg 



LA 


-23 


0 


50 


4C 


-lis 


0 


3 


IB 


-15 


-39 


50 


4D 


9 


0 


7 


IC 


14 


0 


SO 


4E 


0 


-46 


3 


2 


0 


0 


50 


4F 


-29 


-95 


3 


3A 


-31 


-69 


50 


5 


0 


-64 


10 


3C 


-60 


-92 


50 


6A 


-59 




1 


3D 

3E 


-17 


-61 


10 


6A-1 


-43 


-93 


1 


0 


0 


10 


6B 


-40 


-92 


3 


3F 


-29 


-77 


10 


6C 


0 


-48 


3 


30 


-16 


-38 


10 


6D 


-46 


-93 


10 


3H 


-41 


-86 


10 


8A 


0 


-44 


3 


31 


0 


-22 


10 


8B 


-50 


-95 


3 


3J 


0 


0 


3 


9C 


-14 


-37 


1 


3K 


0 


0 


10 


8D 


-49 




I 


3L 


-15 


-21 


10 


8E 


-22 


-66 


3 


3M 
4A 


0 


-22 


10 


8F 


-43 


-94 


1 


0 


-54 


5 


10 


-26 


-77 


3 


4B 


-37 


-89 


8 











yWe daim: 

y 1. A oonqxKmd represeoted by the fonmila 
R* R' 1 [ 



cr a pharmaccutically acceptable salt dicrectf. wherein: 
aH and Ar^ are indq>endently selected from the group 

consisting of aiyl and R^-substituted aryl; 
Ar^ is aryl or R'-subsUtuied aryl; 
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X. Y and Z aic incfependcDtly selected from the group 
consisting of -CHa— , — CH(lowcr alkyi)- and 
— C(dilowcr aikyl)-; 

R and are independently selected from tttc group 
consisting of —OR*. — 0(CX))R*. --0(COX)R^ and 
— 0(CO)NRV: 

R' and R^ are indq>endently selected from the group 
consisting of hydrogen, lower alkyl and aiyl; 

qtsOorl;risOorl;ntnandpare independently 0. L 
2. 3 cr 4; provided that at least one q and r is 1. and 
the sumofnun.p.q andris 2.3, 4.5or 6; and provided 
that when pis 0 and r is L the sum of m. q and n is 1, 
2. 3. 4 or 5; 

R'^ is 1-5 substituents independently selected from con- 
sisting of lower alkyL —OR* — 0(CO)R*, — 0(C0) 
0R^ — OCCHJlsOR*. — 0(C0)NRV, — NRV. 
— NR*(CO)R\ — NR«(C0)0R^ — NR*(C0)NR^R". 
— NR^SOjR*, — COOR*. — CONR*R\ -COR*, 
-SOjNR*R\ S<0)o.J(l^ — 0(CH2),.io-^OOR*, 
— 0(CH2), joCONrV, flower alkylcne)COOR*, 
— CH=CH— COOR*. — CFj, — CN. -iJOa and 
halogen; 

R^ is 1-5 substituents independently selected frcHn the 
group consisting trf —OR*, — 0(CX))R*. — 0(C0) 
OR» — 0(CH2)i.50R*, — 0(CO)NRV. -^V. 
— NR*(CO)R\ — NR*(C0)0R^ — NR*(C0>NR'R'. 
— NR^SOjR*- — COOR*, — CONRV. -COR* 
— SOiNR*R'. S(0)p.^^ — 0(CH2)i.jo— COOR*. 
— O(CH2)i.joC0NR%^, -(lower allQrlene)COOR* and 
— CH=CH— COOR*; 

R*. R'^ and R' are indqx^ndentiy selected fr<mi the group 
consistiiig of bydrogea. lower alkyL aiyl and aiyl- 
substituted lower all^; and 

R^ is lower alkyi. aryl or aiyl-substituted lower alkyL 
i 2. A conopound of claims wherein Ar^ is phenyl or 
R^-substituted phenyL Ar^ is phen^ cr R*-sabstituted (Aie- 
nyl and Ar^ is R^-substituted pheqyL 

3. A compound of daim^ \^erein Ar' is R^-substituted 
phenyl wherein R* is halogen; Ar^ is R^-substituted phenyl 
wherein R* is halogen or —OR*, wherein R* is lower alkyl 
v hydrogen; and Ar^ R^-substituted phenyL wherein R^ is 
—OR*, wherein R6 is lower alkyl or hydrogen. 

4. A conqxmnd of claim Wberein X« Y. and Z are each 
— CH,— ; R^ and R^ are each hydrogen; R and R' are each 
— OR^, wherein R* is hydrogen; and the sum of m. n. p. q 
and r is 2. 3 or 4. 

5. A oonqxxmd of daim K^erein nou n and r are each 
zero, q is 1 and p is 2. 

6. A compound of claim f wherein p. q and n are each 
zero, r is 1 and m is 2 or 3, 

/ 7. A compound selected from the groi^ consisting of 
rel 3(R)-(2(R)-hydroxy-2.phcnylethyl)-4(RH4- 

methoxypbenyl>l-pheayl-2-azetidinone; 
rel 3(R)-(2(R)-hydroxy-2.phenylcthyl)-4(S)-(4. 

methoxyphenyl)-liAcnyl-2-azetidinone; 
3(S)-(l(S)-hydroxy-3-phcnylpropyl)-4(S)-(4- 

methoxyphenyl>l*phettyl-2-azetidiiione; 
3(SHl(R)-liydroxy-3-phenylpropyl)-4(S)-(4- 

methoxypheoyl)-l-phenyl-2-azetidinone; 
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paeaytptopyi'i-i'i-a 
. f] Ml 3(R)-|3(RS)-hy<l 

^ ' I ' l.(4-fluorophenyl)-3 



3(RHl(R)-hydroxy-3-phcnylpropyl)-4(S)-(4- 

rd-3(RH(SHiy<lroxyK2-nai*tlialcnyl)mcthyll-4^ 

inedioxypbeDyl)-li^cnyI)-l -pheoyl-l-azctidinone; 
rcl-3(R)-l(R)-hydroxy-(2-naphthalenyl)mcthylJ^S>(4- 

mcthoxyphcnyl)-l-phcnyl-2-arca<iinoiic; 
3(R)-(3(R)-hydroxy.3-phcnylpropyl)-1.4(S)-bis-(4- 

jnethoxyphenyl>-2-azctidiDooc; 
3(RH3(S)-hydroxy-3-phcnylpropyl)-1.4(S)-bis-(4- 

niethoxyphenyl>-2-azeti<linoDc; 
4(S)-(4-hydroxyphcnyl)-3(R)-(3(R)-hydroxy-3- 

pheoylpropyl- lH[4-iDcd)oxypheDyl>-2*azctidiDone; 
4(S)-(4-hydroxyphcnyl)-3(R)-(3(S)-hydroxy-3- 
j^cny4)rQpyl-H4HD^oxyphenyi>-2-az^dii^ 

-hydroxy-3-[4-(incthoxymcthoxy)- 
is-(4-methaxyphenyl)-2*azetidiDODe; 

, l)-3(R)-[3(SH4-fluorophcDyl)-3- 

hydroxypropyl)J-4(S)-9rhydroxyphcnyl)-2- 
azetidiDonc; 

l.(4-fluorophcnyl)-3(R)-[3(R)-(4-fluorophcnyl)-3- 
hydroxypropyl)]-4(S)-(4-hydroxyphcnyl)-2- 
azetidinoae; 

4(S)-(4-{acctyloxy)phcnyl]-3(RH3(R)-hydroxy-3- 

phenylpropyl)-l-(4-metlmypheDyl^2nazetidiDone; 
4(S)-l4-(acetyloxy)phcnyl]-3(R)-(3(S)-hydroxy-3- 

phcny^Kop)1>l(4-nielhoxyphcn^)-2-azctidiDonc; 
l-(43uorophenyl)-3(R)-13(SH4.fluorophcnyl)-3- 
hydroxypropyl)l-4(S)-(4H(phcnylmethoxy)phcnyl]-2- 
azcddinooe; 

3(R)-[3(R)-acctyloxy)-3-phcnylpropyl]-l,4(S)-bisK4- 

niethQX^)beayl)-2^azetidiiKne; 
3{R>-[3(S)-acctyloxy).3-phcnylpropyl]-l,4(S).bis-(4. 

iiietfaoxyphciiyl)-2-azetidinoDe; 
3(R)-I3(RHacctylo(xy).3-<4-fluocopbcaiyl^)ropyll-4{S>^ 
I4.(acciyloxy)phcnyl]-l-(4-fluorophcDyl)-2- 
azetidinooe; 

3(R)-I3(SHacctyloxy)-3-(4-fluorophcnyJ)propyll-4(S>- 
[4-(acctyloxy)phcnylJ-l-(4-fluorophcnyl)-2- 
azetidioone; 

3(R)-[3(RHacctyloxy)-3K4-<Worophciiyl)propyl]^^ 
l4.(acctyloxy)phcDyll-l-(4-chlorophcnyl)-2- 
azeridinone; 

3(R)-[3(SHacctyloxyV3<4-chlorophcxiyl)propyll-4{S)- 
[4.{acctyloxy)pbcnyl]-l-(4-chlorophcnyl)-2- 
azetidinooe; and 

rel l-<4-fluofOphcnyl)-4(SH4-bydroxyphciiyl>-3{lRMl 
(R)-hydraxy-3-phcnylpropyl)-2-areddiiiooc. 

^8. A pharmaceutical composition for the treataient pre- 

I 1/ 1 7 3 'JZ vention of [athersclerosis], atherosclerosis or for the reduction of 

' plasma cholesterol levels, comprismg an effective amount of a 

compound of claim 1 in a pharmaceutically acceptable carrier. 
9. A method f& treating cr pfcventing atherosclerosis car 
reducing plasma cholesterol levels conqyising administer- 
ing to a mammal in need of such trea&nent an effective 
amount of a con^XNUd of daim/1. 
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